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METABOLICALLY ENGINEERED LACTIC ACID BACTERIA AND THEIR USE 
FIELD OF INVENTION 

The present invention relates to the field of lactic acid 
bacterial starter cultures and in particular there is 
provided the means of metabolically engineering such bacteria 
to obtain mutants or variants hereof which, when they are 
used in the manufacturing of fermented food products . produce 
increased amounts of desirable metabolites or reduced amounts 
of less desirable metabolites. 



TECHNICAL BACKGROUND AND PRIOR ART 

Lactic acid bacteria are used extensively as starter cultures 
in the food industry in the manufacture of fermented products 
including milk products such as e.g. yoghurt and cheese, meat 
products, bakery products, wine and vegetable products. Lac- 
tococcus species including Lactococcus lactis are among the 
most commonly used lactic acid bacteria in dairy starter 
cultures. However, several other lactic acid bacteria such as 
ieuconostoc species, Pediococcus species, Lactobacillus 
species and Streptococcus species. Species of Bifidobacteri- 
um, a group of strict anaerobic bacteria, are also commonly 
used in food starter cultures alone or in combination with 
lactic acid bacterial species. 

When a lactic acid bacterial starter culture is added to milk 
or any other food product starting material under appropriate 
conditions, the bacteria grow rapidly with concomitant con- 
version of citrate, lactose or other sugar compounds into 
lactic acid/lactate and possibly other acids including ace- 
tate, resulting in a pH decrease. In addition, several other 
metabolites are produced during the growth of lactic acid 
bacteria. These metabolites include ethanol, formate, 
acetaldehyde, or-acetolactate, acetoin, diacetyl, and 2,3 
butylene glycol (butanediol) . Among these metabolites, di- 
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acetyl is an essential flavour compound which is formed 
during fermentation of the citrate-utilizing species of e.g. 
Lactococcus, Leuconostoc and Lactobacillus. Diacetyl is 
formed by an oxidative decarboxylation (Fig. 1) of or-aceto- 
lactate which is formed by the action of a-acetolactate 
synthetase (Als) from two molecules of pyruvate. 
Pyruvate is a key intermediate of several lactic acid bacte- 
rial metabolic pathways including the citrate metabolism and 
the degradation of lactose or glucose to lactate. The pool of 
pyruvate in the cells is critical for the flux through the 
metabolic pathway leading to diacetyl, acetoin and 2,3 buty- 
lene glycol (butanediol) via the intermediate compound a- 
acetolactate due to- the low affinity of a-acetolactate syn- 
thetase for pyruvate. 

Pyruvate is converted to formate and acetyl coenzyme A 
(acetyl CoA) (Fig. 1) by the action of pyruvate formate -lyase 
(Pfl) . This conversion takes place only under anaerobic 
conditions (Frey et al. 1994). Pfl is inactivated even at low 
levels of oxygen, and a switch from anaerobic to aerobic 
conditions will lead to significant changes in metabolic end 
product profiles in lactic acid bacteria with complete dis- 
appearance of ethanol and formate (Hugenholtz, 1993) . Another 
factor which regulates the activity of Pfl is the pH. The pH 
optimum of Pfl is about 7 (Hugenholtz, 1993). 

An alternative pathway for the formation of acetyl CbA from 
pyruvate (Fig. i) in a lactic acid bacteriiam is by the acti- 
vity of the pyruvate dehydrogenase complex (PDC) . In contrast 
to Pfl, PDC has a very low activity under anaerobic condi- 
tions due to the inhibitory effect of NADH on that enzyme 
(Snoep et al. 1992). This enzyme requires the presence of 
lipoic acid as a co- factor to be active. 

Additionally, acetyl CoA can be produced in lactic acid 
bacteria from acetate under aerobic as well as under 
anaerobic conditions. 
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Accordingly, it is conceivable that the pyruvate pool- is 
increased under anaerobic conditions if the lactic acid 
bacterial strain is defective in enzyme systems involved in 
pyruvate consinnption, including Pfl. As mentioned above, an 
increased pyruvate pool may lead to an increased flux from 
pyruvate towards acetoin and diacetyl or other metabolites 
derived from a-acetolactate. Thus, it is to be expected that 
fermented food products which are produced by using a lactic 
acid bacterial starter culture having a reduced Pfl activity 
or completely lacking such activity contain an increased 
amount of acetoin or other of the above metabolites. Con- 
versely, the such starter cultures may produce reduced 
amounts of other metabolites, including ethanol and acetate 
and possibly, acetaldehyde . 

Recent studies have shown that when L. lactis is lacking the 
lactate dehydrogenase (Ldh) which is involved in the major 
pyruvate consuming pathway leading to lactate, more pyruvate 
is directed towards acetoin and butanediol via of-acetolacta- 
te, possibly resulting in increased formation of the inter- 
mediate product diacetyl (Platteeuw et al., 1995; Gasson et 
al. , 1996) . 

Overproduction of a-acetolactate synthetase in Lactococcus 
lactis as another approach of metabolically engineering 
lactic acid bacteria to produce increased amounts of diacetyl 
has been disclosed by Platteeuw et al.. 1995. 

The potential of using i, lactis strains with reduced 
pyruvate formate- lyase activity as a means of increasing 
diacetyl formation is mentioned by Hugenholtz, 1993. It is 
suggested by this author that the combination of three stra- 
tegies: 1) Ldh inactivation by mutation/genetic engineering, 
2) Pfl inactivation by aeration and/or low pH and 3) aceto- 
lactate decarboxylase (ALD) inactivation by mutation/genetic 
engineering could result in a high production of a-acetolac- 
tate from lactose. 
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However, the suggested inactivation of Pfl activity by ae- 
ration and/or low pH is not feasible or possible in the 
industrial production of lactic acid bacterially fermented 
dairy products or other fermented food products, as the 
production hereof generally takes place under essentially 
anaerobic conditions. Furthermore, the pH of the starting 
materials including milk is typically about 7 and it is 
generally not desirable to lower the pH of the food material 
to be fermented. 

Whereas it has been suggested to modify the Pfl activity of 
lactic acid bacteria as a means of changing their production 
of metabolites in a- desirable direction by manipulating the 
growth conditions, there have been no suggestions in the 
prior art to utilize metabolically engineered lactic acid 
bacteria which have a modified Pfl activity under indus- 
trially appropriate and feasible culturing conditions. 

A method that allows isolation of mutants of gram-negative 
bacteria devoid of Pfl activity has been disclosed by Pascal 
et al., 1974. This method includes the selection of Pfl 
defective mutants of E. coll and Salmonella, typhimurium based 
on their lack of ability to generate H2 and CO2 in the 
absence of formate, when they are incubated under anaerobic 
condition in media containing glucose or pyruvate. However, 
such a selection method cannot be used for selection of Pfl 
defective mutants of lactic acid bacteria, since these organ- 
isms lack the enzyme that catalyses production of H2 and CO2 
from formate. 

Accordingly, the prior art does not contain any guidance with 
respect to designing a feasible method of isolating a lactic 
acid bacterial Pfl defective (Pfl") mutant. 

Experiments performed by the inventor with the minimal medium 
BA (Clark and Maalee, 1967) for E. coli, showed that this 
medium did not support the aerobic growth of lactic acid 
bacteria. However, if cultivated in this medium together with 
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E. col i the growth of lactic acid bacteria was supported, 
indicating that E. coll produces a factor needed for the . 
growth of the lactic acid bacteria. It has later been found 
that this growth factor is acetate, which led to the develop- 
ment of the DN-medium {Dickely et al., 1995), 

It has now surprisingly been found that wild- type strains of 
lactic acid bacteria such as strains of Lactococcus and 
Streptococcus including as examples Lactococcus lactls and 
Streptococcus thermophilus strains under anaerobic conditions 
grow well on the DN-medium (Dickely et al . , 1995) in the 
absence of acetate. These unexpected findings have made it 
possible to develop. a novel and simple method for the isola- 
tion of Pfl defective lactic acid bacterial mutants based on 
the finding that such mutants, in contrast to the 
phenotypically Pfl+ wild- type strains, are unable to grow 
under anaerobic conditions on DN-medium in the absence of 
acetate. 

Additionally, having such a method allowing the selection of 
Pfl defective, lactic acid bacterial mutants at hand has made 
it possible to provide further mutated cells which in addi- 
tion to being Pfl" are mutated in one or more genes involved 
in the citrate/sugar metabolic pathways such as e.g. the Idh 
gene coding for lactate dehydrogenase (Ldh) so as to provide 
a variety of metabolically engineered lactic acid bacteria 
having highly desirable improved characteristics with respect 
to metabolite (fermentation end product) production. 

The above findings have thus opened up for a novel approach 
for providing useful metabolically engineered lactic acid 
bacterial starter cultures which approach is based on rela- 
tively simple classical random mutagenesis methods, .or the 
selection of spontaneously occurring mutants and which does 
not involve in vitro genetic engineering. Prom a practical 
technological point of view this is advantageous, since in 
most countries the use of genetically engineered food starter 



18390PC1.Q01 ) \ 

6 

cultures is still conditional on approval by regulatory bodies 
ST3MMARY OF THE INVENTION 

Accordingly, the invention provides in a first aspect a 
method of isolating a pyruvate f ormate-lyase (Pfl) defective 
lactic acid bacterium, the method comprising the steps of 

(i) providing a wild- type lactic acid bacterial strain 
which under aerobic conditions is not capable of growth in 
the absence of acetate in a medium not containing lipoic 
acid, but which is capable of growth is such mediiam under 
anaerobic conditions, and 

(ii) selecting from said wild- type strain a mutant which 
under said conditions essentially does not grow in the 
absence of acetate. 

In a further aspect, the invention relates to a Pfl defective 
mutant lactic acid bacterium which is obtainable by the above 
method and having, relative to the wild- type strain from 
which it is derived, at least one of the following character- 
istics: 

(i) essentially the same growth rate when cultivated under 
aerobic conditions in M17 mediiam, 

(ii) a reduced growth rate or a reduced rate of acid produc- 
tion when cultivated under anaerobic conditions in M17 medium 
or in reconstituted skim milk (RSM) , 

(iii) essentially no production of formate under the 
anaerobic conditions of (ii) , 



(iv) a reduced production of ethanol or acetate xinder said 
above anaerobic conditions, and/or 
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(vi) an increased production of at least one ce-acetolactate- 
derived metabolite when cultivated under anaerobic conditions 
in RSM, 

In a still further aspect, there is provided a method of 
isolating a Pf 1 and lactate dehydrogenase (Ldh) defective 
lactic acid bacteri\am which is not capable of growth under 
anaerobic conditions in the presence of acetate, said method 
comprising 

initially selecting a Pfl defective lactic acid bacterium in 
accordance with the above method, and 

(ii) selecting from said Pfl defective lactic acid bacterium 
a strain which is incapable of growing under anaerobic condi- 
tion in an acetate -containing mediiom. 

The invention pertains in another aspect to a Pfl and Ldh 
defective mutant lactic acid bacterium which is not capable 
of growing under anaerobic conditions in the presence of 
acetate, said bacterium being obtainable by the above method 
of isolating a Pfl and lactate dehydrogenase (Ldh) defective 
lactic acid bacterium, and having, relative to a wild- type 
lactic acid bacterium or its Pfl defective parent strain, 
at least one of the following characteristics: 

(i) essentially the same growth yield when cultivated under 
aerobic conditions in M17 medium, 

(ii) a reduced capability of converting lactose to lactate, 

(iii) an increased production of a-acetolactate, and/or 

(iv) an increased production of an of-acetolactate derived 
metabolite. 



In further aspects, the invention relates to a mutant or 
variant of the above Pfl and Ldh defective mutant which 
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mutant or variant is capable of growing anaerobically, to a 
method of producing a food product, comprising adding to the 
food product starting materials a culture of any of the above 
mentioned lactic acid bacteria and a method of producing a 
5 lactic acid bacterial metabolite, comprising cultivating any 
of the above mentioned lactic acid bacteria under conditions 
where the metabolite is produced, and isolating the 
metabolite from the culture. 

There is also provided a lactic acid bacterial starter cul- 
0 ture composition comprising any of the above mentioned lactic 
acid bacteria. 



DETAILED DISCLOSURE OF THE INVENTION 

The present invention provides in a first aspect a method of 
isolating a pyruvate f ormate-lyase (Pfl) defective mutant 

5 lactic acid bacteriiam. As used herein the expression 

"pyruvate f ormate-lyase defective" indicates that the lactic 
acid bacterial mutant as compared to the wild- type parent 
strain has a reduced Pfl activity or that the Pfl activity is 
absent irrespective of the growth conditions, Plf activity 

I being expressed herein in terms of formate production. Such a 
mutant strain is also referred to herein as a strain having a 
Pfl' phenotype. 

As used herein, the expression "lactic acid bacterixim" desig- 
nates gram positive, microaerophilic or anaerobic bacteria 
which ferment sugar with the production of acids including 
lactic acid as the predominantly produced acid, acetic acid, 
formic acid and propionic acid. The industrially most useful 
lactic acid bacteria are found among Lactococcus species. 
Streptococcus species, Lactobacillus species, Leuconostoc 
species, Pediococcus species and Brevibacterlum species. Also 
the strict anaerobes belonging to the genus Bifidobacterium 
is generally included in the group of lactic acid bacteria. 
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A lactic acid bacterial mutant as defined above can be 
derived by selecting a spontaneously occurring mutant of a 
wild- type strain of a lactic acid bacterium which has the 
characteristic that it, when it is cultivated under aerobic 
conditions in a medium which does not contain lipoic acid, 
has a growth requirement for acetate, but which under 
anaerobic conditions is capable of growing in such a medium 
in the absence of acetate. Alternatively, the mutant of the 
wild- type lactic acid bacterial strain can be provided by 
subjecting the strain to a mutagenization treatment prior to 
the selection of a mutant having the above characteristics of 
the Pfl defective strain. 

It is assumed that these different requirements for acetate 
under the above aerobic and anaerobic conditions, respective - 

15 ly is caused by the facts that under aerobic conditions 

insufficient amounts of acetyl CoA is formed by the lactic 
acid bacterium due to at least two circumstances: (i) in the 
absence of lipoic acid, an essential co- factor for the activ- 
ity of the acetyl CoA generating pyruvate dehydrogenase 

20 complex (PDC) , this enzyme complex does not generate acetyl 
CoA and (ii) the other major acetyl CoA generating enzyme, 
pyruvate formate -lyase (Pfl) is inactivated in the presence 
of oxygen. Therefore, under such aerobic conditions, the 
wild- type lactic acid bacterium requires acetate as an alter- 

25 native source of acetyl CoA. In contrast, under anaerobic 
conditions, the Pfl is activated and assumingly provides 
acetyl CoA in sufficient amounts for growth of the bacterium. 
As it is mentioned above, these observations were the start- 
ing point for designing the present method of isolating a Pfl 
30 defective mutant of a lactic acid bacterium as described 
herein and the use hereof as an intermediate for providing 
further modified strains of lactic acid bacteria. 

In accordance with one embodiment of the invention, this 
method provides in a first step the provision of a wild- type 
35 lactic acid bacterium having the above acetate requirement 
characteristics, followed by subjecting the bacterium to a 
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mutagenization treatment. In accordance with the invention, 
suitable mutagens include conventional chemical mutagens and 
UV light. Thus, as examples, a chemical mutagen can be 
selected from (i) a mutagen that associates with or become 
incorporated into DNA such as a base analogue, e.g. 2 -amino - 
purine or an interchelating agent such as ICR- 191, (ii) a 
mutagen that react with the DNA including alkylating agents 
such as nitrosoguanidine or hydroxylamine , or ethane methyl 
sulphonate (EMS) . 

Although the lactic acid bacterial mutant can be provided by 
subjecting a parent strain to a chemical mutagenization 
treatment followed by selecting a Pfl" mutant, it will be 
understood that it would also be possible to provide the 
mutant by selecting a spontaneously occurring mutant in 
accordance with the selection procedure as described herein. 
As an alternative to one presently preferred method of pro- 
viding the mutant by random mutagenesis, it is also possible 
to provide such a mutant by site-directed mutagenesis, e.g. 
by using appropriately designed PGR techniques or by using a 
transposable element which is integratable in lactic acid 
bacterial replicons. 

When a mutagenization step is- included, the mutagenized 
strain is, subsequent to the mutagenization treatment, 
cultivated under anaerobic conditions in a defined medium not 
containing lipoic acid in the absence or presence, respect- 
ively of acetate, and a mutant strain, which in contrast to 
the wild- type parent strain essentially does not grow under 
these conditions in. the absence of acetate, is selected. It 
is assumed that such a mutant strain has a defect in the gene 
coding for the Pfl polypeptide implying that the production 
of the enzyme is at least partially blocked or that the 
enzyme is produced in an at least partially inactive form. 
This assumption can be affirmed by testing the selected 
mutant for lack of production of formate or alternatively, a 
reduced pyruvate formate- lyase activity. 
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When the mutant is provided as a spontaneously occurring 
mutant the above wild- type strain is subjected to the selec- 
tion step without any preceding mutagenization treatment. 
The lactic acid bacterial wild- type parent strain can be 
selected from any industrially suitable lactic acid bacterial 
species, i.e. the strain can be selected from the group 
consisting of a Lactococcus species, a Lactobacillus species, 
a Leuconostoc species, a Pediococcus species, a Streptococcus 
species and a Bifidobacterium species. In particular useful 
embodiments, the lactic acid bacterium is a Lactococcus 
lactis or a Streptococcus thermophilus . Examples of presently 
preferred lactic acid bacteria are Lactococcus lactis sxibspe- 
cies lactis and Lactococcus lactis subspecies lactis biovar 
diacetylactis . 

A Pfl defective (Pfl- phenotype) mutant lactic acid bacterixam 
which can be obtained by the above method has, relative to 
the wild- type parent strain one or more phenotypically recog- 
nizable characteristics distinguishing it from the parent 
strain. Thus, the Pfl" mutant strain may have essentially the 
same growth rate when cultivated under aerobic conditions in 
M17 medium but a reduced growth rate or a reduced acid pro- 
duction when cultivated under anaerobic conditions in conven- 
tional media such as the M17 medium or reconstituted skim 
milk (RSM) , essentially no production of formate, a reduced 
production of ethanol or acetate under said abdve anaerobic 
conditions and/dr an increased production of at least one a- 
acetolactate- derived metabolite when cultivated under 
anaerobic conditions, e.g. in RSM. 

Several of these characteristics may be desirable for speci- 
fic purposes. In the production of a food product it may thus 
be advantageous that the strain produces lesser amounts of 
acids, formate, acetate or ethanol, whereas an enhanced 
production of a-acetolactate derived aroma or flavour com- 
pounds can be highly desirable, in particular in the produc- 
tion of dairy products. Such desirable compounds include 
acetoin, diacetyl and 2,3 butylene glycol. In useful embodi- 
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ments, the production of such metabolites such as acetoin is 
increased by at least 50%, more preferably by at least 100% 
and in particular by at least 200%. Besides being useful in 
the manufacturing of a food product, a mutant strain 
5 overproducing a-acetolactate derived metabolites can also be 
used in the production of the metabolites as such. 

In accordance with the invention, a Pfl defective (Pfl") 
mutant strain is selected from a Lactococcus species, a 
Lactobacillus species, a Leuconostoc species, a Pediococcus 
10 species, a Streptococcus species and a Bifidobacterium spe- 
cies. In this context, one preferred species is Lactococcus 
lactis including Lactococcus lactis subspecies lactis and 
Lactococcus lactis subspecies lactis biovar diacetylactis, 
e.g. the Lactococcus lactis subspecies lactis strain DN221 
15 which has been deposited under the accession No. DSM 11034, 
or a Lactococcus lactis strain having essentially the charac- 
teristics of that strain, or the Lactococcus lactis subspe- 
cies Jactis biovar diacetylactis strain DN227 which has been 
deposited under the accession No. 11040, or a Lactococcus 
lactis strain having essentially the characteristics of that 
strain. 

It will be understood that the Plf defective lactic acid 
bacterial mutant can be utilized as a host for the cloning of 
a pfl gene by complementation of the defective gene. 



20 
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Importantly, the Plf" strain can also be used as a parent 
strain for isolating mutants having further useful enzymatic 
defects as it will be described in the following. 

Lactate dehydrogenase (Ldh) is, as it can be seen from Fig. 
1, another enzyme which in lactic acid bacteria contribute to 
the consumption of the. pyruvate pool, the activity of the 
enzyme predominantly resulting in the production of lactate. 
It was contemplated that the metabolic flux towards a-aceto- 
lactate and metabolites derived from this intermediate could 
be further increased by providing a mutant strain which in 
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addition to having a defect in the Pfl activity is defective 
in Ldh. 

Therefore, a strategy for isolating and selecting a lactic 
acid bacterium which in addition to being Pfl defective is 
5 also Ldh defective (Ldh"), i.e. having the Pfl" Ldh" 

phenotypes, was developed based on the following conside- 
rations: During anaerobic growth of wild- type lactic acid 
bacteria the NADH being produced in the glycolysis is con- 
verted to during production of lactate and to some 
10 extent during the production of ethanol. Accordingly, it was 
hypothesized that a double mutant having the Pfl" Ldh" 
phenotype would be unable to grow under anaerobic conditions, 
i.e. such a strain would have the additional phenotype Tkng" 
(inability to grow anaerobically) . This hypothesis was based 
15 on the assumption that such a double mutant would be unable 
to regenerate NAD+ from NADH under anaerobic conditions, 
since Pfl would be blocked by a mutation (whereas under 
aerobic conditions, NADH can be converted to NAD+ by NADH 
oxidase), PDC would be blocked due to inhibition by NADH and 
Ldh would be blocked by mutation, it was thus contemplated 
that a Pfl" Ldh" doixble mutant could grow under aerobic 
conditions but not under anaerobic conditions. 

Based on the above considerations, a method of isolating a 
Pfl and lactate dehydrogenase (Ldh) defective lactic acid 

25 bacterium which is not capable of growth under anaerobic 

conditions in the presence of acetate, i.e. a Pfl" Ldh" Ang" 
phenotype, was developed. The method comprises as a first 
step, the selection of a Pfl defective lactic acid bacterium 
in accordance with the above method, followed by selecting 

30 from this Pfl defective bacterium a strain which is incapable 
of growing under anaerobic conditions in an acetate- contain- 
ing medium. 

In one presently preferred embodiment this method includes 
the step of subjecting, prior to selection of a strain which 
35 is incapable of growing under anaerobic conditions in an 
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acetate- containing medium, the Pfl defective lactic acid 
bacterium to a mutagenization treatment and siibgequently 
selecting a mutant which under said conditions essentially 
does not grow under said anaerobic conditions. 

5 The above method of isolating the Plf and Ldh defective 
mutant results in a strain having an Ldh specific activity 
which is reduced relative to that of its parent (Pfl defec- 
tive) strain. Preferably, the thus selected mutant has an Ldh 
specific activity which is less than 10 units/mg protein of a 
LO cell free extract of the bacterium. 

Typically, the thus reduced Ldh specific activity corresponds 
to at the most 50% activity relative to the wild- type or Pfl" 
parent strain, such as at the most 25% or preferably, at the 
most 10% activity such as at the most 5% relative to the 
parent strains. It is particularly preferred that the mutant 
strain essentially, is devoid of Ldh activity. 

The mutagenization step whereby the Pfl" Ldh' Ang" mutant is 
produced from the Pfl" mutant can be performed according to 
the methods as described above for the mutagenization of the 
wild- type strain. It follows from the above description of 
this initial step of providing the Pfl" mutant that useful 
strains can be selected from the group consisting of a Lacto- 
coccus species, a Lactobacillus species, a Leuconostoc spe- 
cies, a Pediococcus species, a Streptococcus species and a 
Bifidobacterium species. A presently preferred 
lactic acid bacterium is Lactococcus lactis including Lacto- 
coccus lactis subspecies lactis and Lactococcus lactis sub- 
species lactis biovar diacetylactis . 

In accordance with the invention there is also provided a Pfl 
and Ldh defective mutant lactic acid bacterium which is 
obtainable by the above method. In addition to its Pfl" Ldh' 
Ang" phenotypes, such a mutant strain can be distinguished 
from a wild- type lactic acid bacterium or its Pfl defective 
parent strain in one or more further characteristics. Thus, 
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the mutant strain may have essentially the same growth yield 
when cultivated under aerobic conditions in M17 medium, a 
reduced capability of converting lactose to lactic 
acid/lactate, increased production of a-acetolactate and/or 
5 an increased production of an a-acetolactate derived 

metabolite. Surprisingly, the production of a-acetolactate 
and/or metabolites derived from a-acetolactate was not only 
increased under aerobic conditions where the mutant strain 
can grow, but also under anaerobic conditions where essen- 
10 tially no growth occurred. 

As it is shown in the below Examples, the increase of produc- 
tion of Qf-acetolactate and metabolites derived therefrom was 
of a significant magnitude. Thus, Pfl' Ldh' Ang' mutants 
according to the invention preferably have a production of ce- 
15 acetolactate and/or metabolites derived therefrom which, 
relative to a wild- type strain of the same species, is 
increased by at least 50%, such as by at least 100%. It is 
even more preferred the production is increased by at least 
200% such as at least 1000%. 

20 In accordance with the invention, the Pfl" Ldh' Ang" mutant 
can be of any lactic acid bacterial species selected from a 
Lactococcus species, a Lactobacillus species, a Leuconostoc 
species, a Pedlococcus species, a Streptococcus species and a 
Bifidobacterium species. One preferred species is Lactococcus 

25 lactis including Lactococcus lactis subspecies lactis such as 
the strain designated DN223 which is described in the follow- 
ing and which is deposited under the accession No. DSM 11036 
or a Lactococcus lactis strain having essentially the charac- 
teristics of that strain, and Lactococcus lactis subspecies 

30 lactis biovar diacetylactis . 

As a result of the enzyme defects of the present Pfl" Ldh' 
Ang" lactic acid bacterial mutant, such a mutant is capable 
of converting a substantial proportion of the intracellular 
pyruvate pool to o;- acetolactate and further to one or more of 
35 the metabolites which can be formed from this intermediate 
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compound, including acetoin, butanediol and/or diacetyl which 
latter compound can be formed by chemically oxidizing a- 
acetolactate. Thus, in one preferred embodiment, the Pfl" 
Ldh' Ang" mutant is capable of converting at least 15% of 
pyruvate being catabolized to acetoin, more preferably at 
least 30%. In even more preferred embodiments, this conver- 
sion is at least 40%, such as at least 50% or even at least 
60%, 

In a further aspect, the invention relates to a mutant or 
variant of the above Pfl" Ldh" Ang" mutant lactic acid bac- 
terium which is capable of growing anaerobically . Such a 
mutant or variant strain can be provided by selecting a 
spontaneous mutant of the above mutant bacterium, which 
mutant or variant strain can grow anaerobically. Alternative- 
ly, the mutant or variant strain can be made by subjecting 
the Pfl" Ldh" Ang" mutant to a further mutagenization treat- 
ment in accordance with a method as described above, and 
selecting a strain being capable of growing anaerobically. It 
is contemplated that such mutants or variants would have 
regained the ability to convert NADH to NAD"** under anaerobic 
conditions, either by mutations in systems secondary to Ldh 
or Pfl, or by reversion of the Pfl' phenotype to Pfl"*" 
phenotype. In wild- type lactic acid bacteria, the level of 
NADH is high and it can be oxidized via lactate and/or 
ethanol production, i.e. via the pyruvate metabolism. The 
implication hereof is that lactic acid bacteria produce 
relatively high levels of lactate and/or ethanol as compared 
to aerobic conditions. From this it also follows that the 
metabolites having an aroma effect (diacetyl, acetoin) are 
only produced at relatively low levels. 

It was found that this general picture was still found in the 
present Ang"*- mutant or variant of the Pfl" Ldh" Ang" mutant. 
However, it was surprisingly found that such a mutant /variant 
has, relative to its parent strain and to the wild- type 
strain, a significantly altered production of aroma compounds 
under anaerobic growth conditions. Thus, the above Ang"*" 
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mutant/variant may be one which has a production of 
acetaldehyde which relative to the original wild- type strain 
is increased at least 2 -fold, such as at least 5- fold or even 
at least 8- fold. The mutant variant may also have a produc- 
5 tion of the diacetyl precursor a-acetolactate which, also 

relative to the wild- type strain is increased at least 5 -fold 
such as at least 10 -fold. 

Also, the production of acetoin and/or formate may be sig- 
nificantly increased in such a mutant /variant . Thus, as one 
10 typical example, the mutant/variant is one which, when grown 
anaerobically in reconstituted skim milk powder, produces in 
excess of i mM acetoin and/or in excess of 10 mM formate. 

A mutant or variant having the latter characteristic is 
assiimingly Ldh defective but has the wild- type Pfl activity, 

15 i.e. it has the phenotype Pfl"*" Ldh" Ang**". One example of such 
a strain is the La.ctococcus lactis subspecies lactis DN224 
deposited under the accession No. DSM 11037 or a Lactococcus 
lactis strain having essentially the characteristics of that 
strain. Another example of the present mutant or variant is a 

20 strain which is Pfl defective and has the wild- type Ldh 
activity, i.e. having the phenotype Pfl' Ldh*^ Ang"*". 

In addition to being a starting material for providing fur- 
ther lactic acid bacterial mutants or variants, the above 
Pfl" Ldh" Ang" mutant can be utilized as host for cloning of 
25 genes which can restore the ability of the mutant to grow 
under anaerobic conditions. 

Such a mutant can also, as it is described above by way of 
example, be used for selecting further mutants having 
regained the capability of growing anaerobically e...g. due to 
30 mutations whereby an increased amount of one or more NADH 
oxidoreductases is produced. Such oxidoreductases include 
diacetyl reductase (Dr) and Ldh. 
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The mutant can also be one in which the mutation results in 
overproduction and/or enhanced activity of an enzyme, the 
activity of which can be limiting for a pathway in which a 
NADH dependent oxidoreductase is involved. Such an 
5 overproduction or enhanced activity can e.g. be of the or - 
acetolactate synthetase (Als) , the increased production or 
activity of which would in turn result in an increased pro- 
. duction of substrate for diacetyl reductase. Taternatively, 
the mutation may result in the above enzyme having an 
10 increased activity. 

NADH dependent oxidoreductases require a substrate. Thus, as 
an example, acetoinis the substrate for the oxidoreductase 
diacetyl reductase (see Fig. i) . Accordingly, it is contem- 
plated that the above Pfl' Ldh" Ang' mutant can be used for 
15 selecting a mutant which does not grow, even if the oxido- 
reductase substrate such as acetoin is added to the medium. 
Such a mutant assiamingly will have a defect in one or more of 
its oxidoreductases e.g. diacetyl reductase. 



20 



25 



30 



Any of the above mutants or variants are potentially useful 
in the production of food products and accordingly, the 
invention relates in a further aspect to a method of produc- 
ing a food product which method comprises that a culture of a 
lactic acid bacterium as described herein is added to the 
food product starting materials which are then kept under 
conditions appropriate for the bacteria to grow and/or to be 
metabolically active. The purpose of the addition of the 
lactic acid bacteria depends of the food product. In some 
instances, a lactic acid bacterium according to invention is 
used to provide an increased production in the food product, 
such as e.g. a dairy product, of a particularly desirable 
aroma compound, such as diacetyl, acetoin or acetaLdehyde. 
Other examples of food products where use of the present 
mutant strains is contemplated include meat products, vege- 
tables, bakery products and wine. 
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It will also be understood that the presently provided 
strains will be highly useful as production strains in the 
manufacturing of lactic acid bacterial metabolite compounds 
including the above aroma compounds. Accordingly, the inven- 
tion encompasses in a still further aspect a method of pro- 
ducing a lactic acid bacterial metabolite. Such a method 
comprises cultivating one or more of the lactic acid bacteria 
as disclosed herein in a suitable medium under industrially 
feasible conditions where the metabolite is produced, and 
isolating, if required, the metabolite from the culture. The 
metabolite can be isolated in accordance with any suitable 
conventional method of isolating the particular compound (s) 
from the cultivation medium. It is also possible to use the 
cultivation medium containing the outgrown culture of lactic 
L5 acid bacteria directly as a source of one or more 
metabolites . 

A specific example of such a production method for a lactic 
acid bacterial metabolite is a method of producing what is 
normally referred to in the art as "starter distillate" which 
is a diacetyl-containing flavouring product conventionally 
made by cultivating a conventional wild-type starter culture 
strain of a lactic acid bacterium which produces acetoin 
and/or diacetyl in a suitable, medium and isolating the 
metabolites by distillation to provide a concentrate of the 
metabolites. This product is used for flavouring of butter, 
margarine, spreads, cereal products and pop-corn. It has been 
found that by using the strains DN223 or DN224, such a 
starter distillate can be obtained that has a content of 
diacetyl which, in comparison with a conventional starter 
distillate, ,is at least 2-fold. 

It is convenient to provide the lactic acid bacterium accord- 
ing to the invention, both when it is used as a food produc- 
tion strain and as a production strain for metabolites, as a 
lactic acid bacterial starter culture composition comprising 
the lactic acid bacterium selected for the specific use. 
Typically, such compositions contain the bacterium in concen- 
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trated form e.g. at a concentration of viable ceils (colony 
forming units, CPUs) which is in the range of 10^ to 10^3 p^^, 
g of the composition such as a range of 10^ to lO^^ p^^. 
Additionally, the starter culture composition may contain 
further components such as bacterial nutrients, cryoprotec- 
tants or other substances enhancing the viability of the 
bacterial active ingredient during storage. The composition 
can be in the form of a frozen or freeze -dried composition. 

The invention is further illustrated in the following 
examples and the drawings wherein: 

Fig. 1 illustrates the pyruvate metabolism in Lactic acid 
bacteria; the shown enzymatic pathways are: PFL, pyruvate 
formate -lyase; PDC, pyruvate dehydrogenase complex; LDH, 
lactate dehydrogenase; ALS, acetolactate synthetase; ILVB, 
second acetolactate synthetase; AUD, acetolactate decarboxyl- 
ase; DR, diacetyl reductase. 

Fig. 2 illustrates pH, production of formate (HCOOH) , acetate 
(HAc) and ethanol (EtOH) for Lactococcus lactls subspecies 
lactis CHCC373 and the mutant DN221 derived therefrom when 
these strains are cultivated under anaerobic conditions in 
reconstituted skim milk (RSM) , 

Fig. 3 illustrates ODgoQ/ production of formate (HFo) , ace- 
tate (HAc) and ethanol (EtOH) for Lactococcus lactis sub- 
species lactiB CHCC3 73 and the mutant DN221 derived therefrom 
when these strains are cultivated under anaerobic conditions 
in Ml 7 medium, and 

Fig. 4 shows the growth, acidification and acetoin production 
of Lactococcus lactis subspecies lactis CHCC373 and mutants 
or variants hereof (DN221-DN226) as described in the follow- 
ing examples. The strains listed were grown from single 
colonies of the respective strains overnight in 10 ml M17 
medium aerobically (+, hatched bars) and anaerobically (-, 
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open bars) . The following day, ODgoQ. pH and acetoin produc- 
tion were measured. 



EXAMPLES 

Materials and methods 

1. Bacterial strains, media and growth conditions 

The following lactic acid bacterial strains were used in the 
examples: Lactococcus lactls subspecies lactis strains IFHCY- 
1, MG1363 and CHCC373 (Chr. Hansen Culture Collection) , 
Lactococcus lactis subspecies lactis biovar diacetylactis 
DB1341 and Streptococcus thezTnophilus strain CHCC2134 (Chr. 
Hansen Culture Collection) . 

As growth media were used: (i) M17 medium (Terzaghi et al. 
1975); (ii) the defined phosphate-buffered DN-medium (Dickely 
et al. 1995) with or without NaAcetate (DN or DNtAc, respect- 
ively) . The DN-medium does not contain lipoic acid, but was 
supplemented with NaFormate at a concentration of 0.6%; and 
(iii) reconstituted skim milk, RSM containing 9.5% low heat 
skim milk powder (Milex 240 Ih, MD Foods, Denmark) . 

The strains were cultivated at 30»C and growth. was monitored 
by measuring the optical density (OD) at 600 nm and/or pH. 
Anaerobic conditions for growth on agar plates were obtained 
by incvibation in a sealed container using the Anaerocult® A 
system (Merck, Darmstadt, Germany) . In the following, 
anaerobic growth conditions for cultures in liquid media 
means cultivation without shaking and aerobic cultivation 
means growth under shaking. 
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2. Mutagenesis of L. lactis 

A single colony of L. lactis was inoculated in 10 ml DN-medi- 
via and incubated for 16 hours under vigorous shaking. To the 
outgrovm culture 150 nl of ethyl methane sulphonate (EMS, 
5 Sigma) was added and the mixture was incubated further under 
shaking. After 2 hours, 10 tubes each containing 2 ml DN- 
medixam were each inoculated with 0.2 ml of the mutagenized 
culture. The tubes were incubated until the following day 
under shaking for phenotypic expression. Sterile glycerol was 
10 added to a final concentration of 15% (v/v) and the cultures 
were stored at -70«C until use. 

3. Determination of la ctate dehydrogenase a(--^^v^^^y 

A single colony of L. lactis was inoculated in 10 ml M17 
medium and cultivated overnight. After cooling for 15 min. on 
ice, the cells were harvested by centrifugation at 7000 rpm 
for 5 min. at 4:°C, washed in 5 ml ice-cold Ldh assay buffer 
(50 mM Tris -Acetate pH 6.0, 0.5 mM Fructose-1, 6 -diphosphate) 
and resuspended in 1 ml ice-cold Ldh assay buffer. The rfesus- 
pended cells were transferred to a 5 ml glass tube and soni- 
cated on ice using a Branson Sonifier 250 at the following 
parameters: timer, 4 min.; duty cycle 25%; output 4. Subse- 
quent to the soni cation, the content of the tube was trans- 
ferred to an ice-cold Eppendorf t\ibe and centrifuged at 
15,000 X g for 5 min. at 4«'C. The supernatant was transferred 
to a new ice-cold Eppendorf tube. The Ldh specific activity 
of the cell -free extract was measured at 25 «C in the follow- 
ing manner: 5 fxl of cell -free extract was added to 495 fil Ldh 
assay buffer containing 0.2 mM NADH and 25 mM pyruvate. As 
control, an assay without pyruvate was used. The conversion 
30 of NADH to NAD+ was followed spectrophotometrically over time 
at 340 nm using a Spectronic® Genesys 5 spectrophotometer. 
One unit corresponds to the conversion of 1 ^ol NADH min"^ 
ml-i cell -free extract. The specific activity is expressed in 
units/mg protein. For measuring the protein concentration of • 
35 the cell -free extract, the Bicinchoninic acid (BCA) assay 
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(Pierce, Rockford, U.S.A.) was used with Albumin Standard 
(Pierce) as protein standard. 

4, Determination of n. lactis fermentation end products 

Overnight cultures of the L. lactis strains were inoculated 
in the respective media and incubated for 24 hours under the 
relevant growth conditions. Samples were collected and ana- 
lyzed by HPLC and HS-GC for various compounds produced during 
the cultivation as described by Houlberg (1993, 1995a, 
1995b) . In certain experiments acetoin was measured as fol- 
lows: 1 ml culture was transferred to an Eppendorf tube and 
centrifuged at 15,000 x g, 5 min at 4<'C to remove the cells. 
The supernatant was transferred to a new tube and kept on ice 
until the acetoin level was measured coldmetrically using the 
method of Westerfeld (1945) . 

EXAMPLE 1 

Acetate recfuir ement for growth of L. lactis 

Initially, the L. lactis subspecies lactis strains lFHCY-1 
and MG1363 were tested for growth on DN-medium with (DN) or 
without (DN-Ac) acetate, respectively. 

The above mentioned strains were streaked onto DN and DN-Ac 
agar plates, respectively. The plates were incubated for 24 
hours under anaerobic and aerobic conditions, respectively. 
The results are summarized in Table 1 below: 
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Table 1; Acetate recpiirement of lFHCY-1 and MG1363 





Aerobic 


Anaerobic 


+Ac 


-Ac 


+Ac 


-AC 


IFHCY-l 


+++ 




+++ 


+++ 


MG1363 


+++ 




+++ 


+++ 



+ + + : colony size 0.5-1 mm; 

- : no growth after prolonged incubation 

The tested L, lactis strains have an absolute requirement for 
acetate under aerobic growth conditions. 

The wild- type strain Lactococcus lactis subspecies lactis 
CHCC373 was selected from the culture collection of Chr, 
Hansen A/S, Hersholm, Denmark and tested for its growth 
requirement for acetate under aerobic and anaerobic condi- 
tions respectively by streaking a liquid culture of the 
strain onto a series of DN-medium plates containing increas- 
ing concentrations of NaAcetate in the range of from 0 to 
0.2% (w/v) . 

Under aerobic conditions weaK growth was observed at 0.01% 
NaAcetate and at 0.02% full growth was observed. No growth 
was observed at concentrations below 0.005% NaAcetate. Under 
anaerobic conditions full growth was observed at 0-0.2% 
NaAcetate. 

In the following experiments, DN-medivim with 0.1% NaAcetate 
(DN) or not containing NaAcetate (DN-Ac) was used. 
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EXAMPLE 2 

Isolation of Pfl defective mutants of Lactococcus lactis 
subspecies lactls CHCC373 and Lactococcus lactis subspecies 
lactis biovar diacetylactis DB1341 and characterization 
5 hereof 

2>1. Isolation, of mutants 

Mutagenized stocks of the strains CHCC3 73 and DB1341 were 
prepared as described above and plated in dilutions onto 
DN-medium agar plates which were incubated aerobically for 24 

10 to 48 hours. From these plates , 980 colonies of each strain 
were selected and streaked onto DN and DN-Ac agar plates, 
respectively and these plates were incubated for 24 hours 
under anaerobic conditions. Two strains designated DN220 and 
DN221, respectively from the mutagenized CHCC373 strain and 

15 one strain designated DN227 from the mutagenized DB1341 

strain which were unable to grow in the absence of acetate 
under anaerobic conditions were selected. 

Chromosomal DNA was isolated from DN220, DN221 and CHCC373, 
respectively and digested with ^coRI, and the fragment pat- 
20 terns were compared using agarose gel electrophoresis. The 

fragment patterns showed that both DN220 and DN221 originated 
from CHCC373. DN221 was selected for further experiments. 

A sample of DN220, DN221 and DN227, respectively was 
deposited with Deutsche Sammlung von Mikroorganismen und 
25 Zellkulturen GmbH, Mascheroder Weg lb, D- 3 8 124 Braunschweig, 
Germany on 26 June 1996 under the respective accession Nos. 
DSM 11033, DSM 11034 and DSM 11040. 

2.2. Growth of DN221 in iyil7 medium and RSM 

CHCC373 and DN221 were inoculated in M17 and the cultures 
30 were incubated under aerobic and anaerobic conditions, res- 
pectively. Under aerobic growth conditions, DN221 and CHCC373 
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did grow equally well as judged by the OD^qq and the pH. 
However, the growth rate of DN221 in M17 under anaerobic 
conditions was considerably lower than that of CHCC373 and it 
declined at a lower cell mass. These results showed that 
5 absence of acetate in M17 was not the reason for the slower 
growth rate of the selected mutant strain but indicated that 
an essential characteristic necessary for anaerobic growth is 
lacking in DN221 as compared to CHCC373. These results are 
consistent with the assumption that DN221 has a defect in its 
10 Pfl activity resulting in a requirement for acetate and a 
lower growth rate under anaerobic conditions as compared to 
CHCC373. 

2.3. Analysis of fermentates for various end products 

Single colonies of CHCC373 and DN221, respectively were 
15 inoculated in M17 and RSM, respectively and these cultures 
were incubated for 24 hours under anaerobic conditions. 
Samples were collected taken analyzed for content of fermen- 
tation end product compounds according to the above methods. 

The results which are summarized in Figs. 2 and 3 show that 
20 formate is not produced by DN221, but is produced by CHCC373 
at a high level. This confirms that DN221 lacks Pfl activity 
This is further confirmed by the low levels of ethanol and 
acetate produced by DN221 as compared to its parent strain, 
CHCC373, 
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EXAMPLE 3 

Isolation of Pfl and Ldh defective mutants and characteri- 
zation hereof 

3>1, Isolation of mutants 

5 A stock of DN221 was mutagenized as described above under 
Materials and Methods, and the mutagenized cells were plated 
in dilutions onto DN-medium agar plates which were incubated 
aerobically for 24-48 hours. From theses plates, 980 colonies 
were selected and each colony was streaked onto two DN plates 
10 and incubated 24 hours under anaerobic and aerobic condi- 
tions, respectively. Two strains (DN222 and DN223) which were 
unable to grow under anaerobic conditions were selected. 

Chromosomal DNA was isolated from DN222, DN223 and CHCC373, 
respectively and digested with EcoRX. The fragment patterns 
15 were compared using agarose gel electrophoresis. The fragment 
patterns showed that both DN222 and DN223 originate from 
CHCC373. 

A sample of DN222 and DN223, respectively was deposited with 
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, 
20 Mascheroder Weg lb, D-38124 Braunschweig, Germany on 26 June 
1996 under the respective accession Nos. DSM 11035 and DSM 
11036. 

3.2. Testing for lactate dehydroaenase (Ldh) activity 

The Ldh activity of DN221, DN222, DN223 and CHCC373 was 
25 analyzed in accordance with the method described above, and 
the results are shown in Table 3.1 below. 
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Table 3.1. Ldh activity of DN221. DN222. DN223 and CHCC373 



Strain 


CHCC373 


DN221 


DN222 


DN223 


Spe c . ac t i vi ty* 
NADH oxidase 


0.30 


0.28 


0.12 


0.59 


Spec, activity*' 
Ldh 


21.40 


19.10 


16.00 


0.70 


% Ldh act. 


100.00 


89.00 


75.00 


3.00 



units/mg protein; units, /xmol NAD+ min"^ ml'^ extracts. 
Assay without pyruvate. 
10 ^: as • but assay with pyruvate. 

These results show that DN223 has a defect in the Ldh acti- 
vity having only 3% of the activity of CHCC373, whereas DN222 
has a Ldh activity similar to that of CHCC373. Thus it can be 
concluded that DN223 is Pfl and Ldh defective. 

15 3.2, Growth in Ml? and formation of end products under aero- 
bic conditions 

Single colonies of CHCC373, DN221, DN222 and DN223, respec- 
tively were inoculated in M17 and incubated under aerobic 
conditions. The results of measurements of OD^qq and pH for 
20 the outgrown cultures are shown in table 3.2 below. 

Table 3.2. OD cqq and pH of CHCC373, DN221. DN222 and DN223 





CHCC373 


DN221 


DN222 


DN223 


OD^ 


3.26±0.16 


3.16±0.02 


1.7±0.08 


3.22±0.16 




5.7±0.06 


5.71 ±0.08 


5.84±0.16 


6.21 ±0.08 



^ a single colony was inoculated in 10 ml M17 medium and 
25 cultivated for 24 hours followed by measuring the ODgQo* 
^ as ^ except that the pH was measured. 



Under these conditions DN221, DN223 and CHCC373 had similar 
growth yields as judged by the ODgQQ measurements. However, 
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the ODgQQ of DN222 was only about half the OD^qq of the wild- 
type strain. DN221 and DN222 both acidified the medium to the 
same pH level, whereas DN223 only acidified the medium 
slightly, even though the growth as judged by the OD^qq was 
5 similar to that of CHCC373/ confirming that DN223 is Ldh 
defective. 

Overnight cultures from single colonies of CHCC373, DN221, 
DN222 and DN223 were inoculated in M17 and RSM were incubated 
for 24 hours under aerobic conditions and samples were taken 
10 for analysis of end products as described above. Results from 
the analysis are shown in Table 3.3 below. 

Table 3.3. End product formation in Ml? 





AA 


EtOH 


DAc 


HMEK 


ALA 


HAc 


Lacto 


HLac 




inM* 


mM* 


mM* 


mM* 


mM* 


mM* 


mM* 


mM* 


M17 


0.02 


0.05 


0.00 


0.2 


0.00 


1.7 


5.5 


0.00 


CHCC373 


0.15 


0.06 


0.02 


2.2 


0.03 


23-3 


0.00 


24.2 


DN221 


0.15 


0.08 


0.02 


2.7 


0.03 


25.0 


0.00 


24.2 


DN222 


0.12 


0.03 


0.03 


1.6 


0.02 


16.7 


0.00 


22.0 


DN223 


0.12 


0.32 


0.07 


14.2 


0.15 


18.3 


0.00 


4.4 



15 



*: see abbreviation below 
Abbreviations : 



20 



AA 
DAc 
HAc 
HMEK 



acet aldehyde 
diacetyl 
acetic acid 
acetoin 



ALA 
EtOH 
HLac 
Lacto 



acetolactate 
ethanol 
lactic acid 
lactose 



CHCC373 produces almost equal amounts of acetate and lactate. 
25 Under aerobic conditions DN221 produce similar amounts of end 
products as does CHCC373, DN222 produces less acetate and 
equal amounts of lactate as does CHCC373. The defect in DN222 
is unknown. DN223 produces very small amounts of lactate as 
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compared to CHCC373. DN223 converted the major part of 
pyruvate to acetoin instead of lactate. This change in 
pyruvate catabolism is also reflected in that the aroma 
compound diacetyl was increased 3-4 fold as compared to 
5 CHCC373 and in that about 55% of the catabolized pyiruvate 
passed via a-acetolactate (ALA) to acetoin (HMEK) . The per- 
centage is probably higher as the butanediol production was 
not measured. 

EXAMPLE 4 

10 Isolation and characterization of spontaneous mutants of 
DN223 

4.1. Isolation of mutants 

A liquid culture was made from a single colony of DN223 and 
incubated under aerobic conditions overnight. Approximately 
10® cells were transferred to DN-mediiim agar plates which 
were incubated under anaerobic conditions. Three strains 
designated DN224, DN225 and DN22 6 were isolated based on 
their ability to grow under anaerobic conditions. The three 
strains are all mutants or variants of DN223 having regained 
the ability to convert NADH to NAD"^ under anaerobic condi- 
tions either by mutations in secondary systems to Ldh and Pfl 
or by reversion of the Pfl or the Ldh defect. 

Chromosomal DNA was isolated from DN224, DN225, DN226 and 
CHCC373, respectively and digested with EcoRI. The. fragment 
25 patterns were compared using agarose gel electrophoresis. The 
fragment patterns showed that DN224, DN225 and DN226 all 
originate from CHCC373. 

A sample of DN224, DN225 and DN226, respectively was 
deposited with Deutsche Sammlung von Mikroorganismen und 
30 Zellkulturen GmbH, Mascheroder Weg lb, D-38124 Braunschweig, 
Germany on 26 June 1996 under the respective accession Nos. 
DSM 11037, DSM 11038 and DSM 11039. 
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4.2. Growth in M17 and acetoin formation 

Single colonies of CHCC373, DN221, DN222, DN223, DN224 and 
DN226, respectively were inoculated in M17 and incubated 
overnight under anaerobic and aerobic conditions, respective- 
5 ly. The final ODggo P^^ were measured and samples were 
collected and analyzed for content of acetoin. The results 
are shown in Fig. 4. 

All of the tested strains, except DN222, grew well under 
aerobic conditions. Under anaerobic conditions, DN221, DN222 

10 and DN223 had severe growth defects, DN223 being the most 

growth inhibited strain. Measurements of the pH reflected the 
growth pattern of the strains except for DN223, DN224 and 
DN226 grown under aerobic conditions. These results showed 
that DN224 and DN226 have reduced acidifying capacity com- 

15 pared to CHCC373, possibly caused by a defect in Ldh. 

Under both aerobic and anaerobic conditions DN225 has a 
growth yield equal to CHCC373 indicating that this strain had 
lost the Ldh defect. 

Under aerobic conditions, the strains DN223, DN224 and DN226 
20 produced acetoin in the range- of 1100-1200 ppm which is 4-6 
times more than the other strains (about 200 ppm) . Under 
anaerobic conditions, DN223 produced about 10 -fold more 
acetoin than the strains DN222 and CHCC373, even though 
almost no growth was observed as judged by the OD^qq value. 
25 DN224 and DN226 produced more than 10 ppm acetoin under 

anaerobic conditions, which is considerably more than the 2.5 
ppm produced by CHCC373 and DN222. The high concentrations of 
acetoin produced by the three strains indicates that these 
strains have the potential of producing high amounts of 
30 diacetyl. 

Among the above spontaneous mutants, DN224 was selected for 
further studies of fermentation end product formation. 
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4,3. Growth i n RSM and formation herein of end products 

Single colonies of CHCC373, DN221, DN223 and DN224 were 
inoculated in 10 ml M17 and incubated overnight. The final 
0^600 were measured. The results are shown in Table 

4.1 below. 

Table 4.1. Growth (QDcqq ) of CHCC373. DN221, DN223 and DN224 
in Ml 7 







pH 


CHCC373 


3.34 


5.7 


DN221 


3.22 


5.72 


DN223 


3.44 


6.29 


DN224 


3.28 


6.29 



Subsequently 2 x 200 fil of each culture was transferred to 2 
X 10 ml RSM and incubated over night under aerobic and 
anaerobic conditions, respectively. pH was measured and 
results are shown in Table 4.2 below. 

Table 4.2. Growt h (pH) of CHCC373. DN221, DN223 and DN224 in 
RSM 





pH 




Anaerobic 


Aerobic 


milk 


6.82 


6.8 


CHCC373 


4.37 


5.01 


DN221 


5.02 


5.23 


DN223 


6,56 


6 .08 


DN224 


5.13 


6.06 
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The growth in RSM under aerobic conditions, as judged by pH, 
appears to be as in M17 indicating, that the acidifying 
capacity is independent of the media used. 



From all cultures samples were taken for analysis of end 
5 products. The results are shown in Table 4,3 below. 

Table 4.3. End product formation in RSM 







HCtt* 
mM 


HAc* 
mM 


Lacto* 
mM 


mM 


AA* 

mM 


EtOH* 
mM 


DAc* 
mM 


HMEK* 
mM 


ALA* 
mM 


MeFo* 
mM 


RSM 




2:^ 


0 


132 


I. 


0.1 


0 


0 


0 


0.1 


0.2 


RSM 




9^ 


0 


131 


1.1 


0.01 


0 


0 


0.16 


0.01 


0.2 


CHOC37J 


aerobto 


9^ 


5 


• 109 


46.7 


0.08 


0.06 


0,13 


10.93 


0.24 


0.13 


CHCC373 


aerobic 


9.5 


5 


108 


47.8 


0.08 


0.07 


0.14 


11.47 


0.21 


0.11 


CHCX373 


aaaerobic 


8.1 


1.7 


96 


70 


0.02 


0.93 




0,14 


0 


1.09 


CHOC373 


ameiobic 


9^ 


1.7 


106 


76.7 


0.02 


0.88 


0 


0 


0 


135 


0NZ21 


aBtobio 


9^ 


3-3 


117 


38.9 


0.05 


0 


0.02 


l.ll 


0.02 


0.01 


DN221 


aerobic 


9Ji 


33 


117 


38.9 


0.05 


0.02 


0.02 


1,07 


0,02 


0.01 


DiN2Zl 


aoaefobie 


9 


1.7 


114 


51.1 


0.05 


0.36 


0.01 


0,39 


0,01 


0,11 


DNZ21 


aoacrobtc 


8.6 


1.7 


109 


46,7 


0.05 


0J5 


0.01 


0.22 


0.01 


0.11 


DN223 


aetobio 


9 




119 


6.6 


0.04 


0.05 


0.12 


10.54 


0.21 


0.13 


DN2Z9 


aerobic 


10 


5 


120 


6,7 


0.05 


0.05 


0.13 


10.73 


0.2 


0.13 


DN223 


anaerobic 


10 


1.7 


131 


33 


O.Ol 


0.06 


0,01 


0.3 


0.01 


0.28 


DN223 


aiacn^ic 




1.7 


122 


33 


0.01 


0.05 


O.OI 


0.36 


0.01 


0.26 


DN224 


aerobic 


10 


5 


123 


7.8 


0,05 


0.04 


0.13 


10.84 


0.21 


0.15 


DN224 


aefobio 


9.5 


5 


119 


6.7 


0.05 


0.04 


0.13 


10.42 


0.21 


0.13 


DN224 


amcfobtc 


9 


6.7 


115 


15.6 


0,14 


13.19 


0.01 


4.14 


• 0.09 


12.52 


DN224 


amcfobic 


2 


6,7 


119 


16.7 


0,16 


13.83 


0.01 


3.68 


0.08 


13.35 



25 *: see abbreviations below 
Abbreviations : 



AA 
DAc 
HAc 
30 HLac 
Lacto 



acetaldehyde 
diacetyl 
acetic acid 
lactic acid 
Lactose 



ALA acetolactate 

EtOH ethanol 

HCit citrate 

HMEK acetoin 

MeFo formate 
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None of the strains fermented citrate as would be expected of 
a Ir. lactis subspecies lactls. The wild- type strain CHCC373 
grown under aerobic conditions produced relatively high 
amounts of acetoin, diacetyl, a-acetolactate, acetaldehyde 
5 and acetate, but relatively low amounts of ethanol and lac- 
tate as compared to the production hereof under anaerobic 
conditions. 

From the results obtained from DN224, it can be seen that the 
levels of the different aroma compounds have changed signifi- 
10 cantly during anaerobic growth. The level of acetaldehyde was 
increased about 8- fold, the diacetyl precursor a-acetolactate 
had increased more than 10 -fold as compared to the level 
hereof of CHCC3 73. 

However, it is assumed that the potential for diacetyl pro- 
15 duct ion is much higher, as the amount of acetoin produced by 
DN224 compared to the amount of acetoin produced by CHCC3 73 
is significantly higher. The increase of formate, ethanol and 
acetate production and the reduction of lactate production 
indicates that DN224 has lost the defect in Pfl but is still 
20 Ldh defective. This is further verified by the fact that 

DN224 grows under anaerobic conditions which the Pfl and Ldh 
defective strain DN223 does not. 

EXAMPLE 5 

Detection of acetate requirement for growth of Streptococcus 
25 thermophl lus 

Single colonies of Streptococcufir thermophilus CHCC2134 was 
streaken onto plates of DN agar containing lactose (Sg/L) , 
Na-formiate (20 mg/L) and with and without acetate... The 
plates were incubated for 48 hours at 37 under aerobic and 
30 anaerobic conditions, respectively. Growth occurred as sum- 
marized in Table 5.1 below: 
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Table S.l. Acetate requirement of Streptococcus thermophilus 
CHCC2134 

Aerobic Anaerobic 
With acetate ++ +++ 

5 Without acetate - +++ 

++ : colony size 0.1-0.5 ram; 

+++: colony size 0.5-2 mm; 

: no growth after prolonged incubation 



Since acetate is required for growth at aerobic conditions, 
10 the basis exists for the isolation of a mutant strain of 

Streptococcus thermophllus that has a requirement for acetate 
under anaerobic conditions, i.e. a Pfl" mutant of that spe- 
cies. Such a mutant strain could, in analogy with the above, 
be used as the starting material in the isolation of a second 
15 mutant strain being incapable of growing under anaerobic 
conditions, i.e. a Pfl'/Ldh" mutant. 
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